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ABSTRACT

Development of the aorta takes place during the third week of gestation. It is a
complex process that can lead to a variety of congenital variants and pathological anomalies.
In diagnostic and interventional radiology, knowledge of aortic abnormalities and variant
branching sequence is crucially important. This article gives a systematic overview of
anatomical variability of the aorta.
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Objectives: Upon completion of this article, the reader should (1) understand the development of the thoracic aorta and great vessels,

and (2) understand the anatomical and pathological conditions that require consideration when treating diseases of the thoracic aorta.
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Development of the aorta takes place during the
third week of gestation.1 It is a complex process asso-
ciated with the formation of the endocardial tube (day
21), which lends itself to a variety of congenital variants.
Each primitive aorta consists of a ventral and a dorsal
segment that are continuous through the first aortic arch.
The two ventral aortae fuse to form the aortic sac. The
dorsal aortae fuse to form the midline descending aorta.
Six paired aortic arches, the so-called branchial arch
arteries, develop between the ventral and dorsal aortae.
In addition, the dorsal aorta gives off several interseg-
mental arteries (Fig. 1).

The vessels derived from each arch are as follows:
The first pair contributes to formation of the maxillary
and external carotid arteries. The second pair contributes
to formation of the stapedial arteries. The third aortic
arch constitutes the commencement of the internal
carotid artery and is therefore named the carotid arch.

Proximal segments of the third pair form the common
carotid arteries. Together with segments of the dorsal
aortae, the distal portions contribute to formation of the
internal carotid arteries. The left arch of the fourth pair
forms the segment of normal left aortic arch between the
left common carotid and subclavian arteries. The right
fourth arch forms the proximal right subclavian artery.
The distal right subclavian artery is derived from a
portion of the right dorsal aorta and the right seventh
intersegmental artery. Rudimentary vessels that regress
early develop out of the fifth pair. The left arch of the
sixth pair contributes to the formation of the main and
left pulmonary arteries and ductus arteriosus; this duct
obliterates a few days after birth. The right sixth arch
contributes to formation of the right pulmonary artery.2

With the caudad migration of the heart in the second
fetal month, the seventh intersegmental arteries enlarge
and migrate cephalad to form the distal subclavian
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arteries. The left subclavian artery is derived entirely
from the left seventh intersegmental artery, whereas the
portions of the right are derived from the right fourth
arch and the right dorsal aorta.2 Malformations of the
aortic arch system can be explained by persistence of
segments of the aortic arches that normally regress or
disappearance of segments that normally remain, or
both.

NORMAL ANATOMY
Regression of the right dorsal aortic root (between the
right subclavian artery and the descending aorta) and the
right ductus arteriosus leaves the normal left aortic arch.
The classic left aortic arch and descending thoracic aorta
are seen in �70% of individuals. The three main
branches of the aortic arch are the brachiocephalic
(innominate) artery (dividing into the right subclavian
and common carotid arteries), the left common carotid
artery, and the left subclavian artery.2

VARIANT OR ABNORMAL ANATOMY OF
THE AORTIC ARCH
Magnetic resonance imaging is widely accepted to be the
gold standard for imaging the aortic arch with the ability
to demonstrate not only the arterial branching pattern

but also the relationship of aorta and its branches to the
trachea and bronchi.3

Hypoplastic Ascending Aorta

Hypoplasia of the ascending aorta usually occurs con-
comitant with hypoplastic left heart syndrome (HLHS).
HLHS comprises a wide spectrum of cardiac malforma-
tions, including hypoplasia or atresia of the aortic and
mitral valves and hypoplasia of the left ventricle and
ascending aorta. The great vessels are normally related in
this congenital anomaly. HLHS has a reported preva-
lence of 0.2 per 1000 live births and occurs twice as often
in boys as in girls. Left untreated, HLHS is invariably
lethal. After surgical intervention infants are now surviv-
ing into childhood.4 Interruption of the aortic arch and
HLHS in the same patient is exceptional.5

Coarctation of the Aorta

Coarctation of the aorta accounts for �5 to 7% of all
congenital heart disease. It is defined as a discrete
stenosis in the proximal descending thoracic aorta
(Fig. 2). The traditional classification into infantile
(preductal) and adult (postductal) types is now regarded
as too simplistic because many patients with preductal
lesions do not present until adulthood (Fig. 3). It is only
those with the most severe obstruction (e.g., aortic arch
atresia or interruption) or associated cardiac defects who
invariably present in infancy.6 Most other cases are
identified because of a murmur or hypertension found
on routine examination (Fig. 4). Delayed or absent

Figure 1 Schematic drawing of the development of the aortic
arch and its branches. 1, first aortic arch; 2, second aortic arch; 3,
third aortic arch; 4, fourth aortic arch; 5, fifth aortic arch; 6, sixth
aortic arch; aa, aortic arch; va, ventral aorta; da, dorsal aorta; cc,
common carotid artery; ic, internal carotid artery; ec, external
carotid artery; rs, right subclavian artery; av, vertebral artery; pt,
pulmonary trunk; rp, right pulmonary artery; lp, left pulmonary
artery; db, ductus arteriosus Botalli.

Figure 2 Schematic drawing of an aortic coarctation. aa, aortic
arch; bt, brachiocephalic trunk; lc, left carotid artery; ls, left
subclavian artery; ac, coarctation of the aorta.
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femoral pulses and an arm/leg systolic blood pressure
difference of 20 mm Hg or more in favor of the arms
may be considered as evidence for aortic coarctation.7

Otherwise, age at presentation is related to the severity
rather than the site of obstruction, as a result of cardiac
failure or occasionally cerebrovascular accident, aortic
dissection, or endocarditis.6 Aortic coarctation may be
subclassified into isolated coarctation, coarctation with
ventricular septal defect, and coarctation with complex

intracardiac anomalies.8 An exceedingly rare congenital
anomaly is coarctation of a right aortic arch.9

Interrupted Aortic Arch

Interrupted aortic arch is defined as the loss of luminal
continuity between the ascending and descending aorta. It
is associated with a multitude of lesions ranging from
isolated ventricular septal defects to complex ones. An
interrupted aortic arch may be subclassified into anatom-
ical types based on the location of the interruption.8

Although results have improved, repair of this abnormality
is associated with a significant mortality and morbidity.10

Patent Ductus Arteriosus

In intrauterine life, the ductus arteriosus Botalli permits
blood flow between the aorta (distal to the left subclavian
artery) and the pulmonary artery (Fig. 5). In a full-term
infant, the ductus usually closes within the first 2 days of
life. Persistent patency beyond that point is generally
permanent, being two to three times as common in girls
as in boys (Figs. 6 and 7). Most of the cases occur as
isolated defects. Typical concomitant findings are left
ventricle hypertrophy and pulmonary artery dilation.
Persistent ductus arteriosus may also be associated with
coarctation of the aorta, transposition of the great
vessels, and ventricular septal defect.11

Common Brachiocephalic Trunk

A common brachiocephalic trunk, in which both com-
mon carotid arteries and the right subclavian artery arise

Figure 3 Angiogram in a 35-year-old patient showing (A) postductal coarctation of the aorta with upstream segmental hypoplasia.
(B) Stenting reduced the systolic blood pressure gradient from 50 mm Hg to below 20 mm Hg. (Images courtesy of A. Gamillscheg,
Department of Pediatric Cardiology, Medical University of Graz, Graz, Austria.)

Figure 4 Plain chest radiograph in a 12-year-old boy with
proven coarctation of the aorta. Rib notching (arrow) due to
pressure erosion indicates enlargement and tortuosity of inter-
costal arteries that provide collateral blood flow to circumvent the
stenotic aortic segment.
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from a single trunk off the arch, is the most frequent
normal variant of aortic arch branching (Fig. 8).2 This
so-called bovine trunk occurs in �10 to 22% of individ-
uals according to the literature and accounts for more
than two thirds of all arch vessel anomalies.12,13 Very

recently, a descriptive aortic arch naming scheme has
been postulated because the human aortic branching
pattern to which the term bovine aortic arch is ascribed
is not commonly found in cattle.14 The remaining
anomalies of the main branches account for < 3% of
arch vessel anomalies.2

Variant Origin of Vertebral Arteries

Unusual vertebral artery origins are various.15,16 Not
infrequently the left vertebral artery arises from the
aortic arch, with reported prevalences of 2.4 to 5.8%
(Fig. 9).17 The most frequent location is between the
left common carotid and subclavian arteries.2 Rarely,
the proximal left vertebral artery is duplicated. In this
case, one part arises from the arch and the other from
the left subclavian, or both originate from the aortic
arch. Occasionally the left vertebral artery is the last
branch of the aortic arch, which is rarely true for both
vertebral arteries.18 So far, a single case of bilateral arch
origin of the vertebral arteries has been reported in the
literature.19

Thyroid Ima Artery

The thyroidea ima artery is a collateral vessel feeding the
thyroid gland20 According to literature, this vessel occurs
in up to 16.9%.21 It may be a branch of the aortic arch
between the brachiocephalic and left subclavian arteries.
However, more frequently it is a branch of the brachio-
cephalic artery. A further variant of origin is from the
right common carotid artery. In the remaining cases it

Figure 5 Schematic drawing of a patent ductus arteriosus
Botalli. bt, brachiocephalic trunk; lc, left carotid artery; ls, left
subclavian artery; aa, aortic arch; pt, pulmonary trunk; *, ductus
arteriosus.

Figure 6 (A) Aortogram (lateral view) depicting a patent ductus arteriosus (arrow). (B) Repeat angiogram showing endovascular coiling
(arrow) was successful in this young adult patient. (Images courtesy of A. Gamillscheg, Department of Pediatric Cardiology, Medical
University of Graz, Graz, Austria.)
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may originate from the internal mammary, subclavian, or
inferior thyroid arteries.2

Aberrant Right Subclavian or Brachiocephalic

Artery

The right subclavian artery is the last branch of the aortic
arch in �l% of individuals (Figs. 9 and 10).22 It courses
to the right behind the esophagus in �80% of these
cases, between the esophagus and trachea in 15%, and
anterior to the trachea or mainstem bronchus in 5%.2 A
retroesophageal course may be the cause of so-called
dysphagia lusoria (Fig. 11).23,24 The aberrant right
brachiocephalic artery is rare.

Right Aortic Arch

Right aortic arch is an uncommon anatomical anomaly
that occurs in < 0.1% of the population (Figs. 12 and
13).25 It results from the persistence of the right fourth
branchial arch.2 The most common type is the right
aortic arch with an aberrant left subclavian artery
(Fig. 14). The vessels originate in the following order:
left common carotid, right common carotid, right sub-
clavian, and left subclavian artery. This type is rarely
associated with congenital heart disease. However,
symptoms may arise from vascular ring formation.26

The mirror-image type (left brachiocephalic trunk, right
common carotid and subclavian arteries) is almost always

Figure 7 Occlusion of a patent ductus arteriosus in an adolescent with the use of Amplatzer (AGA, Golden Valley, MN) duct occluder.
(A) During this intervention fluoroscopic images show the sheath (here with guidewire) taking the following course: inferior vena cava—
right atrium—right ventricle—pulmonary trunk—patent ductus arteriosus—descending aorta. (B) Postintervention aortography shows
minor residual shunt. (Images courtesy of A. Gamillscheg, Department of Pediatric Cardiology, Medical University of Graz, Graz,
Austria.)

Figure 8 Schematic drawing of a ‘‘bovine trunk.’’ rc, right
carotid artery, rs, right subclavian artery; bt, ‘‘bovine trunk’’
(common trunk of right subclavian and both carotid arteries); lc,
left carotid artery; ls, left subclavian artery; aa, aortic arch.
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associated with congenital heart disease, especially the
cyanotic type.27

Ductus Diverticulum

The aortic isthmus in adults has a variable appearance.
Its configuration may show a concavity, a straightening
or slight convexity, or a discrete focal bulge. The latter
finding represents a ductus diverticulum, present in�9%
of individuals. Representing the most distal segment of
the embryonic right arch, the ductus diverticulum is a
fusiform dilation of the ventromedial portion of the
proximal descending thoracic aorta. At times a prom-
inent ductus diverticulum may resemble a traumatic
pseudoaneurysm of the aortic isthmus.28

Double Aortic Arch

The double aortic arch is a rare anomaly caused by
persistence (to varying degrees) of the fetal double aortic
arch system.2 The ascending aorta divides into two
arches that pass to either side of the esophagus and
trachea and reunite to form the descending aorta
(Fig. 15). Therefore, it is a form of complete vascular
ring, resulting in noncardiac morbidity, but rarely asso-
ciated with intracardiac defects.29 The descending aorta

is usually on the left side. Most commonly, one arch is
dominant, whereas the other may be of small caliber or
represented by a fibrous band.

Cervical Aortic Arch

The cervical aortic arch refers to an unusually high
location of the aortic arch in the low or midneck region.2

This rare type of aortic arch anomaly is presumed to
result from persistence of the third aortic arch and
regression of the normal fourth arch. Abnormalities of
brachiocephalic arterial branching and arch laterality
are common in patients with a cervical aortic arch.30

There is no association with congenital heart disease,
and the anomaly occurs most frequently in association
with a right aortic arch. Most of the patients with this
anomaly are asymptomatic, but symptoms of dysphagia
and respiratory distress due to the compression by the
vascular ring have been reported.31 It should be consid-
ered in the differential diagnosis of pulsatile masses in
the neck.32

Other Variant Branching Sequence

Variations in the sequence of branching of the major
arch vessels also occur rarely (< 0.5%).2 For example,

Figure 9 3D-reconstructed magnetic resonance angiography
in a 38-year-old woman showing a rare branching pattern of the
aortic arch (view from posterior). The right common carotid artery
(rc) gives rise to the right vertebral artery (rv); the left vertebral
artery (lv) arises directly from the aortic arch between the left
common carotid artery (lc) and the left subclavian artery (ls); the
right subclavian artery (rs) originates as the last branch and takes
a retroesophageal course (‘‘arteria lusoria’’).

Figure 10 Schematic drawing of a variant branching sequence
of supra-aortal arteries with the right subclavian artery originating
distal to the left one. rc, right carotid artery; lc, left carotid artery;
ls, left subclavian artery; rs, right subclavian artery; aa, aortic arch.
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the left subclavian artery may be the second branch
(before the left common carotid), or the internal and
external carotid arteries may originate independently
from the aortic arch. There are manifold case reports as
well as reviews in literature on various branching
patterns.33

DESCENDING THORACIC AORTA

Intercostal and Subcostal Arteries

The anterior intercostal arteries arise from the inter-
nal mammary artery. In 95% of cases, the first,
second, and third posterior intercostal arteries origi-
nate from the superior intercostal artery, which is a
branch of the costocervical trunk. There are several
variations in the origin of the first through third
intercostal arteries. The remaining intercostal and
subcostal spaces are supplied by paired dorsal branches
of the thoracic aorta. In �5% of cases all posterior
intercostal arteries arise from the aorta. The origins of
the upper intercostal arteries lie closer together and
are more commonly involved in the formation of
common trunks supplying two or more intercostal
spaces.2

Bronchial Arteries

The bronchial arteries arise from the third through
seventh intercostal spaces. In addition to supplying the
major bronchi, the bronchial arteries provide blood
supply to the larger bronchopulmonary lymph nodes
and have direct anastomoses with the pulmonary and
occasionally the coronary arteries.2

In �60% of individuals, there is a single right
bronchial artery. Overall, a common origin of a right
bronchial and intercostal arteries occurs in > 70% of
individuals.Multiple bronchial arteries are more common
on the left side (�70%). A left intercostal bronchial trunk,

Figure 11 Image of a barium swallow test in a 6-year-old boy
showing a suggestive posterior notch of the esophagus (arrow).
‘‘Arteria lusoria’’ (retroesophageal course of the right subclavian
artery) has been confirmed by computed tomography (not
shown).

Figure 12 Plain chest radiograph in a 7-year-old boy depicting a
right aortic arch (arrow). Absence of a left-sided aortic knob is the
even more apparent sign.
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usually with a right intercostal artery, occurs infrequently
(4%). A common bronchial trunk of left and right
bronchial arteries occurs in �45% of individuals.2

Anomalous origin of the bronchial arteries may
be from the internal mammary, superior intercostal,
subclavian, brachiocephalic, or inferior thyroid ar-
teries. A left bronchial artery may originate from the
concavity of the aortic arch in �15% of individuals. A
left bronchointercostal trunk occurs in only 4% of
individuals.2

Spinal Arteries

The anterior 70 to 80% of the spinal cord is supplied by
the anterior spinal artery (ASA). The posterior 20 to
30% is supplied by the paired posterior spinal arteries
(PSA).34

The ASA is formed near the vertebrobasilar junc-
tion from branches of the vertebral arteries. The posterior
spinal arteries are formed by posterior branches of the
vertebral or posterior inferior cerebellar arteries. Both the

PSAs and ASA receive branches from extraspinal arteries
(e.g., vertebral, subclavian, intercostal, bronchial, lumbar,
internal iliac). Those branches that supply the spinal cord
are termed radiculomedullary arteries (Fig. 16).2

Tributaries contributing to the formation of the
anterior spinal artery are the following: anterior spinal
branches of the vertebral arteries; radiculomedullary
branches from the vertebral artery (C2-C3); radiculo-
medullary branches from the costal, cervical, or thyro-
cervical trunk (C5-C6); radiculomedullary branch from

Figure 13 (A) Contrast-enhanced computed tomography in a 7-year-old boy with a right aortic arch (arrow) narrowing the trachea
(white asterisk). (B) As another variation, the four supra-aortal arteries (black asterisks) originate separately.

Figure 14 Contrast-enhanced computed tomography in a 42-
year-old woman with a right aortic arch (arrow) showing the
pattern of a so-called arteria pseudolusoria. The left subclavian
artery (asterisk) is crossing posterior to the esophagus and
trachea.

Figure 15 Schematic drawing of a double aortic arch with
aortic ring formation. rs, right subclavian artery; rc, right carotid
artery; lc, left carotid artery; ls, left subclavian artery; ar, aortic
ring.
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the first intercostal or the costocervical trunk (C8);
radiculomedullary branch from a posterior intercostal
artery (T4-T5); arteria radicularis magna (T9-T12);
lumbar or lateral sacral branches.2

The most important arterial feeding vessel of
the thoracolumbar spinal cord is the great anterior
radiculomedullary artery (artery of Adamkiewicz)
(Fig. 17).35,36 This artery supplies the lower third of
the spinal cord, originating in the left intercostal or
lumbar artery in 68 to 73% of cases and at the level of
the 9th to 12th intercostal artery in 62 to 75%.2

Magnetic resonance (MR) and computed tomographic
(CT) angiography are noninvasive procedures that
may allow clear visualization of the artery of Adam-
kiewicz. MR angiography has been reported to provide
detection rates as high as 93% and 80% with the
morphological ‘‘hairpin turn’’ criterion and the ana-
tomical ‘‘continuity’’ criterion, respectively. Sixteen-
detector row CT angiography provided detection rates
as high as 83% and 60%, respectively, in this recent
study. Use of both MR angiography and CT angiog-
raphy provided higher detection rates of 97% and 90%,
respectively.37

Esophageal Arteries

The esophageal arteries are approximately four to five in
number and form a longitudinal vascular chain along the
esophagus. The esophageal vascular supply can be div-
ided into three segments: a cervical one (from the
inferior thyroid artery, mostly from the right, or from
the subclavian and common carotid arteries), a thoracic
segment (from bronchial and intercostal arteries or
directly from the thoracic aorta), and an abdominal
segment (from two to three branches of the left gastric
artery or accessory left hepatic artery or left inferior
phrenic arteries).2

Other Arteries

Further branches of the descending thoracic aorta are
variably developed pericardiac branches, mediastinal
branches, and weakly developed superior phrenic
arteries.2

Pulmonary Sequestration

Pulmonary sequestration is an uncommon anomaly. It
refers to the situation whereby a portion of lung tissue
receives its blood supply from an anomalous systemic
artery originating from the aorta or one of its

Figure 17 Schematic drawing of blood supply of the spinal
cord. va, vertebral artery; rs, right subclavian artery; bt, brachio-
cephalic trunk; ta, thoracic aorta; rm, arteria radicularis magna
(Adamkiewicz). (Modified from Leonhardt.34)

Figure 16 Schematic drawing of the posterior intercostal
artery and its dorsal branch. 1, thoracic aorta; 2, posterior
intercostal artery; 3, ventral branch; 4, dorsal branch; 5, spinal
branch; 6, anterior radicular branch; 7, anterior spinal artery; 8,
posterior radicular branch; 9, posterior spinal artery. (Modified
from Leonhardt.34)
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branches. Three main variants exist: intralobar, extra-
lobar, and communicating bronchopulmonary foregut
malformations. Early embryologic development of the
accessory lung bud results in formation of the seques-
tration within normal lung tissue and is encased
within the same pleural covering. This is the intra-
pulmonary variant. In contrast, later development of
the accessory lung bud results in the extrapulmonary

type. Venous drainage is typically via a systemic vein,
although drainage into the pulmonary veins is well
documented.38

Anomalous arterial supply to the normal basal
segments of the lower lobe without sequestration is a rare
congenital abnormality, and whether it belongs to the
broad spectrum of sequestration disorders remains con-
troversial (Fig. 18).

Figure 18 Angiography in a 27-year-old patient presenting with recurrent hemoptysis shows anomalous systemic arterial supply to
the posterobasal segment of the right lower pulmonary lobe. (A) The feeding artery (arrow) arises from the celiac trunk. (B) Selective
angiography depicts racemose vessels (asterisk) in the lung base and a draining pulmonary vein (arrow). (C) Computed tomography
shows the area of ‘‘pseudo-sequestration’’ (long arrow) and the abnormal artery (short arrow). (D) After embolization with microspheres
and coiling (arrow) of the feeding artery, the posterobasal segment of the right lower lobe has normalized in computed tomography.
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In conclusion, this article gives a systematic over-
view of aortic anomalies on the basis of embryologic
development. The different types and entities are con-
sidered with respect to their frequency of occurrence.
Under clinical aspects, anatomical variants may be differ-
entiated from potentially or invariably pathological ab-
normalities. Diagnostic and interventional radiology
certainly require knowledge of both.
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